Categorically-related compared to unrelated contexts typically slow object naming atDCS to left posterior middle temporal lobe reduced the semantic interference effect atDCS to left inferior frontal gyrus produced a similar, albeit short-lived reduction 
Introduction
Our everyday speech is heavily influenced by the context in which it occurs.
Some contexts can facilitate lexical access -the process by which words are retrieved from long-term memory (i.e., the mental lexicon) -while others can interfere with it, slowing production and making it more prone to errors. Much of our knowledge about context effects during spoken word production comes from experimental investigations of picture naming in healthy participants and patients with acquired language impairments (i.e., aphasia). Manipulations of semantic contexts are of particular interest to psycholinguists, as both the speed and accuracy of production are known to vary according to the nature of the conceptual relationship and the type of experimental naming paradigm employed (see Mahon et al., 2007, 
for review).
A reliably reported finding is that categorically related contexts hamper picture naming compared to unrelated contexts. One experimental paradigm that has been used regularly to elicit semantic interference effects in both healthy participants and patients with aphasia (PWA) is the blocked cyclic naming paradigm. The paradigm involves small blocks of pictures (e.g., 4-6) presented repeatedly over several cycles (e.g., 4-6). Related/homogeneous blocks comprise category exemplars (e.g., all animals) while unrelated/heterogeneous blocks comprise pictures from different categories (e.g., animals, vehicles, furnitures, fruit). Healthy participants are typically slower to name objects in related compared to unrelated blocks when they are repeated from the second cycle onward (Damian et al., 2001; Damian & Als, 2005; Kroll & Stewart, 1994) , and PWAs typically show increased error rates in related blocks (e.g., Biegler et al., 2008; Harvey & Schnur, 2015; McCarthy & Kartsounis, 2000; Riès, Greenhouse, Dronkers, Haaland & Knight, 2014; Schnur et al., 2006; Wilshire & McCarthy, 2002) .
Theoretical accounts of the interference effect in blocked cyclic naming propose it arises during conceptual processing or in the connections between conceptual and lexical levels of processing, i.e., via a bottom-up, domain-specific mechanism (see Belke, 2013; Oppenheim et al., 2010 for reviews). These accounts assume multiple, conceptually-related candidates become activated during lexical access, with categorically related contexts priming the activation levels of these candidates via feature sharing. Yet, there is disagreement about the mechanism(s) for selecting target words for production. The predominant mechanism suggested in the literature is competitive lexical selection, in which the activation levels of all candidates (target and non-target) influence production (e.g., via the Luce ratio; Levelt, Roelofs, & Meyer, 1999) . According to this account, selection of the target utterance is made more difficult in related contexts due to the priming of conceptualto-lexical representations raising the lexical activation levels of competitors. An alternative account assumes non-competitive selection is accomplished when a predetermined activation threshold is reached. Using the latter type of mechanism, Oppenheim et al. (2010) were able to simulate the semantic interference effect by strengthening connections between conceptual and lexical representations of each target while also weakening co-activated non-target representations.
Accounts of the semantic interference effect have also begun to incorporate information from lesion, neuroimaging and non-invasive brain stimulation studies (e.g., Belke & Stielow, 2013; Oppenheim et al., 2010; Schnur et al., 2009 ). All of these neuroanatomically-informed accounts agree on a prominent role for the left posterior middle and superior temporal gyri (pMTG/STG) in mediating bottom-up, lexical-semantic retrieval processes. The left inferior frontal gyrus (LIFG) has also been proposed to play a domain-general, top-down role in selection processes (e.g., Heim et al., 2009) , although the nature of this role in resolving semantic interference varies according to the different accounts. For example, Schnur et al. (2009) proposed that resolution of lexical competition in the block cyclic naming paradigm required LIFG involvement to top-down bias interactions among incompatible, non-target representations to facilitate selection. Oppenheim et al. (2010) subsequently implemented a computational mechanism for competitive selection -"tentatively" linked to the LIFG -to boost all (i.e., target and non-target) lexical activity until the difference between the most highly active candidate and the next most active exceeds a threshold for selection. Belke and Stielow (2013) offered a similar interpretation in which a top-down control mechanism in working memory mediated by the LIFG biases lexical selection based on a representation of the task. According to this account, participants encode the members of the target object set as part of the task representation during the first presentation cycle, and subsequently use this representation to top-down bias the relevant set members for selection. The bias facilitates target selection in unrelated blocks as it is applied to only one exemplar from the different categories, whereas it is applied to several, within-set category exemplars in related blocks, i.e., more top down control is needed to curtail the bottom-up competition. Belke and Stielow (2013) concluded "It appears that any future model of word production unavoidably faces the challenge of specifying how left frontal mechanisms of domain-general cognitive control interact with paradigmatic interference during lexical-semantic encoding." (p. 23).
The neuropsychological evidence cited in support of left pMTG/STG involvement in blocked cyclic naming is relatively consistent. For example, the lesion-symptom mapping (LSM) and perfusion neuroimaging studies of Harvey and Schnur (2015) and de Zubicaray et al. (2014) show good agreement with clusters reported with peak maxima with Montreal Neurological Institute (MNI) atlas coordinates of -52, -40, -5 and -46, -42, 2, respectively for semantic interference. The non-invasive brain stimulation studies of Pisoni et al. (2012) and Krieger-Redwood and Jefferies (2014) likewise showed significant effects targeting sites corresponding to MNI coordinates -50, -46, 1 and -54, -49, -2, respectively (but see discussion below). However, the same cannot be said for the evidence concerning LIFG involvement.
Functional neuroimaging studies in healthy participants have not consistently observed differential activity in the LIFG (e.g., de Zubicaray et al., 2014; Schnur et al., 2009) , while studies of aphasics with LIFG lesions have produced variable results for interference effects in error rates and naming latencies, suggesting potentially dissociable mechanisms (e.g., Biegler et al., 2008; Harvey & Schnur, 2015; Riès et al., 2014; Schnur et al., 2009) . For example, LIFG activity can be elicited more generally by naming errors, i.e., in the absence of semantic context manipulations (e.g., Abel et al., 2009) . Interestingly, while de Zubicaray et al.'s (2014) fMRI study examined only activity associated with correct naming performance and did not observe significant differential LIFG responses, Schnur et al.'s (2009) analyses combined erroneous and correct trials, and they observed a positive correlation between LIFG activity and error rates. However, a similar correlation was not observed with left temporal cortex fMRI responses.
One factor complicating interpretations of the neuropsychological evidence is that the blocked cyclic naming paradigm might involve contributions from two separate mechanisms: a short-lived semantic priming effect in the first presentation cycle and a longer-lasting interference effect emerging with repetition in subsequent cycles (see Abdel Rahman & Melinger, 2007; Damian & Als., 2005; Belke & Stielow, 2013; Crowther & Martin, 2014; Krieger-Redwood & Jefferies, 2014; Navarrete et al., 2010) . These two different effects might reflect relative differences in conceptual vs. lexical processing. Damian and Als (2005) were the first to propose this dichotomy based on the observation of faster naming latencies in related blocks in the first cycle (see Belke & Stielow, 2013; Navarrete et al., 2014 ). Yet, the majority of neuroimaging, lesion and brain stimulation investigations have analysed data averaged over all presentation cycles (for review, see de Zubicaray et al., 2014) . Hence, data from these studies could reflect semantic priming and lexical selection mechanisms attributable to LIFG and/or pMTG/STG involvement, respectively. Semantic priming effects in LIFG have been observed reliably across neuroimaging studies (for reviews see Badre & Wagner, 2007; Lau, Phillips, & Poeppel, 2008) .
Further, PWAs typically have large lesions extending throughout perisylvian cortex, potentially impacting more than one critical region or mechanism involved in task performance, making localization inferences difficult (e.g., Biegler et al., 2008; Harvey & Schnur, 2015; McCarthy & Kartsounis, 2000; Riès, et al., 2014; Schnur et al., 2006; Wilshire & McCarthy, 2002) .
Recently, non-invasive brain stimulation methods have been applied to support causal inferences about cortical regions involved in spoken word production.
These methods are able to be applied "online" (i.e., during performance of experimental paradigms) and "offline" (i.e., prior to performance). The two most frequently applied of these methods have been transcranial direct current and repetitive magnetic stimulation (see Hartwigsen, 2014 for review). Transcranial direct current stimulation (tDCS) involves modulating cortical functioning by means of a weak electrical current projected between scalp-affixed electrodes. The most reliable effects on cognition have been reported for anodal tDCS that facilitates neural firing (for review, see Jacobson, Koslowsky, & Lavidor, 2012) . Online and offline stimulation both to LIFG and posterior temporal cortex have been reported to speed naming latencies in healthy participants (e.g., Holland et al., 2011; Sparing et al., 2008) . By contrast, offline repetitive TMS (rTMS) is designed to inhibit/disrupt neural activity temporarily ("virtual lesioning"), by passing a short, strong current through a coil placed over the target area, without introducing potential experimental confounds associated with online TMS protocols (e.g., auditory clicks, somatosensory sensations) that either facilitate or disrupt processing depending on timing of TMS pulses (see Hartwigsen, 2014) . For both methods, effective sham stimulation approaches exist, allowing blinding of participants to the stimulation conditions. Only two studies have applied non-invasive brain stimulation to modulate the neural activity of both posterior temporal cortex and LIFG during blocked cyclic naming, both using offline protocols, and with different findings. In two separate experiments using data averaged over all cycles, Pisoni, Papagno, and Cattaneo (2012) reported anodal tDCS over the LIFG and pMTG/STG respectively reduced and increased the semantic interference effect compared to sham stimulation. More recently, using a three-way crossover design, Krieger-Redwood and Jefferies (2014) reported rTMS to both LIFG and pMTG/STG reduced the magnitude of the semantic priming effect in the first cycle compared to sham stimulation, but neither influenced the semantic interference effect over subsequent cycles. Pisoni et al. concluded the LIFG mediated a domain general cognitive control mechanism that could be facilitated via atDCS to enhance lexical selection, while atDCS increased the activation levels of lexical representations in pMTG/STG, leading to greater competition (see Belke & Stielow, 2013 , for a similar interpretation). By contrast, Krieger-Redwood and Jefferies concluded that both regions mediated conceptuallevel processing whose activation could be modulated by rTMS.
The different findings from the two stimulation studies likely reflect the different procedures employed. For example, Pisoni et al. (2012) applied their offline brain stimulation protocol after participants had been familiarized with the picture stimuli for the blocked cyclic naming paradigm. This procedural detail is important because familiarization establishes response set membership for the experiment, influencing the activation levels of target and non-target lexical representations according to production models (e.g., Roelofs, 1992) . Aphasic patients' lesions are likely to affect processing during this phase. Thus, applying stimulation prior to familiarization for "virtual lesioning" studies will provide a more accurate simulation of aphasic patients' performance. Krieger-Redwood and Jefferies (2014) had participants perform the identical blocked cyclic naming paradigm without stimulation as a baseline, followed by stimulation within each TMS (i.e., active and sham) session. This procedure introduces a potential confound, as semantic interference effects in the blocked cylic naming paradigm have been shown to be relatively persistent, surviving delays with intervening unrelated tasks (e.g., Damian & Als, 2005) and generalising to previously unnamed category exemplars (Belke, Meyer, & Damian, 2005) . Belke (2013) attributed this refractory behavior to incremental learning at the conceptual level causing activation to accumulate. Studies with healthy participants and aphasics have typically administered only the one blocked cyclic naming paradigm.
The purpose of the present study was therefore to clarify the roles of the LIFG and pMTG/STG in mediating semantic context effects in spoken word production. To achieve this, we employed online TDCS in a three-way, crossover sham-controlled design. For each site, we examined effects of anodal vs. sham stimulation on the first vs. subsequent cycles of the blocked cyclic naming paradigm. Importantly, we applied atDCS/the stimulation prior to the familiarization phase and throughout the experiment. Thus, we expected to be able to demonstrate whether LIFG and/or pMTG/STG necessarily mediate semantic context effects in picture naming.
Methods

Participants
Twenty-four healthy native English speaking adults participated (14 female, mean age: 24.69 years, SD: 4.61). The initial sample comprised 25 participants. However, due to incomplete data (see Results), one participant was excluded. All participants were strongly right-handed as assessed by the Edinburgh handedness inventory (Oldfield, 1971) , had normal or corrected-to-normal vision and participated for the first time in a tDCS study. None reported any history of neurological or psychiatric disorder, substance use, or hearing deficits. They provided informed consent in accordance with the protocol approved by the Medical Research Ethics Committee of the University of Queensland. Participants were reimbursed with $30 after completion of the study.
Design
The study employed a three-way, single-blind, within-participant, cross-over, sham-tDCS controlled design. Participants completed three experimental sessions involving parallel versions of the blocked cyclic naming paradigm with either active tDCS administered online to the left posterior temporal cortex or LIFG. Sham tDCS was administered online to the LIFG in half the sample, and to posterior temporal cortex in the other half. Stimulation order was counterbalanced across participants (N = 8 per order).
Materials
Three sets of 16 black-and-white line drawings of common objects were chosen, the majority from published corpora (Bonin, Peereman, Malardier, Meot, & Chalard, 2003; Cycowicz, Friedman, & Rothstein, 1997; Szekely et al., 2004) 1 As an anonymous reviewer of an earlier version of this paper noted, a number of our object names have initial voiceless consonants. Kessler, Treiman, and Mullennix (2002) found the initial phoneme of spoken words systematically affected voice key detection latencies. They showed that while many voiceless consonants were detected later than voiced ones, this was not an absolute rule. According to Kessler et al. , the "solution is to adopt a protocol whereby voice response times are compared only against different utterances of the same word" (p. 166). This is the case in the blocked cyclic naming paradigm.
Online tDCS stimulation protocol
tDCS was administered using a battery driven direct current stimulator (DCStimulator Plus, NeuroConn GmbH, Illmenau, Germany). In both active stimulation conditions, anodal tDCS was administered for a period of 20 minutes. Stimulation was started immediately prior to picture familiarization and continued for the duration of the entire experimental session. Coordinates for the two stimulation sites were determined using the 10-20 EEG System as described in previous studies (e.g., Pisoni et al., 2012) . Active stimulation was administered using 5 x 7 cm 2 electrodes as in previous studies (e.g., Meinzer, et al., 2012; Meinzer, Lindenberg, Antonenko, Flaisch, & Flöel, 2013; Meinzer, et al., 2014) . A larger reference electrode (10 x 10 cm 2 ) was attached over the right supraorbital cortex. The larger size of this electrode renders the stimulation over this area functionally ineffective without compromising tDCS effects elicited by the active electrode (Stagg & Nitsche, 2011) . The current was initially increased in a ramp-like fashion to 1 milliampere (mA) over 10 seconds and remained constant for 20 minutes during which picture familiarisation and experimental phases were completed. At the end of the stimulation, it was ramped down over 10 sec. For sham tDCS, the procedure was identical although the current was ramped down after 30 seconds prior to picture familarisation; a procedure that does not affect neural functioning although elicits a comparable tingling sensation on the scalp to ensure blinding of participants (Brunoni et al., 2011; Gandiga, Hummel, & Cohen, 2006) .
Each experimental session was conducted approximately 1 week apart to avoid carry-over effects, with stimulation type and picture set counterbalanced across participants.
Procedure
In each session, participants completed a familiarization phase in which they named all pictures in random order, first with the correct basic-level name printed below and again without. The experimenter corrected participants if a mistake was made. Two runs of 96 experimental items followed the familiarization phase, with a brief rest break in between. On each trial, a fixation cross was presented for 500 ms, Mood Scales (VAMS, Folstein & Luria, 1973) were used to assess mood before and after each session. The VAMS assesses eight distinct mood states (afraid, confused, energetic, tired, sad, angry, happy, tense) . A range of perceptual sensations (headache, neck pain, scalp pain, tingling, itching, burning sensation, skin redness sleepiness, trouble concentrating, acute mood change) were rated by participants using a scale between 1 (absent), 2 (mild), 3 (moderate) and 4 (severe; Brunoni, et al., 2011) . After the final experimental session, participants were asked to indicate if they could differentiate between the active and sham stimulation sessions.
Analyses
We conducted repeated measures analyses of variance (ANOVAs) (2006, 2009, 2015) and Pisoni et al. (2012) .
We also conducted repeated measures ANOVAs on the mood and sensation ratings data. Mood ratings on the VAMs (post-vs. pre-session) were calculated as summary scores (positive vs. negative) as per previous studies (Meinzer, et al., 2012 (Meinzer, et al., , 2013 .
Results
Data from one participant were excluded due to > 20% omitted responses across sessions. Another participant was recruited as a replacement. Trials on which (a) the voice key failed to detect a response, or non-speech noises and verbal dysfluencies triggered the voice key (N=34; 0.2%), and (b) trials with responses < 250 ms and > 1500 ms (N=432; 3.1%) were excluded from analyses. In addition, correct trials with naming latencies deviating more than 2.5 standard deviations from a participant's mean response time (RT) within context (N=301; 2.17%) and within stimulation session were considered outliers and excluded from analysis (e.g., Abdel Rahman & Melinger, 2007; Belke, 2013; Biegler et al., 2008; Crowther & Martin, 2014) . Speech errors (N=96) were rare, amounting to only 0.69 % of trials. Due to the low rate, these errors were not subjected to analysis. Summary: As Figure 1 shows, pMTG/STG stimulation significantly and selectively reduced naming latencies in the related context compared to Sham stimulation from the second cycle onward, leading to a reduction in the magnitude of the semantic interference effect (see Figure 2 ).
LIFG vs. Sham Stimulation
Stimulation questionnaires
All participants tolerated the stimulation protocol well, and reported only marginal sensations (i.e., between absent and mild), consistent with prior studies (see Brunoni et al., 2011 for review) . Table 1 However, both the main effect of stimulation type and interaction with post-and prestimulation ratings were not significant [both Fs < 2.4] (see Table 2 ). The main effects and interaction of post-vs. pre-stimulation and stimulation type for the negative mood ratings were not significant [all Fs < 2] 
Discussion
This study applied an online atDCS protocol in a three-way, crossover shamcontrolled design to investigate the proposed involvement of both the LIFG and left pMTG/STG in mediating semantic context effects in spoken word production.
Applying online atDCS to pMTG/STG during the blocked cyclic picture naming paradigm significantly reduced the magnitude of the semantic interference effect from the second cycle onward compared to sham stimulation. Further, this reduction was due to a selective speeding of naming latencies in the related context. Applying atDCS to LIFG also significantly reduced the magnitude of semantic interference compared to sham stimulation, although this effect was limited to the first several cycles. Active stimulation to either cortical site did not significantly influence naming latencies in the first cycle compared to sham stimulation.
The finding that online atDCS to left pMTG/STG reduced the magnitude of the semantic interference effect relative to sham stimulation is consistent with evidence from recent lesion and neuroimaging studies implicating this region in performance during blocked cyclic naming, and lexical-conceptual retrieval more generally (e.g., de Zubicaray et al., 2014; Harvey & Schnur, 2015) . This result is also consistent with the observation that anodal tDCS typically results in more efficient processing (e.g., Stagg & Nitsche, 2011) . Conversely, it is not consistent with the proposal that anodal tDCS raises lexical activation levels, leading to greater competition (cf. Belke & Stielow, 2013; Pisoni et al., 2012) . Further, as the reduction in naming latencies occurred selectively in the related context from the second cycle onward, it seems more likely that stimulation facilitated the bottom-up process of selection among multiple activated, conceptually-related lexical candidates.
Although the current findings cannot adjudicate between competitive vs. noncompetitive lexical selection mechanisms, they are nonetheless informative for current accounts. For example, within the framework of the incremental learning mechanism proposed by Oppenheim and colleagues (2010) , pictures in both related and unrelated contexts undergo conceptual-to-lexical connection strengthening due to repetition priming from the second cycle onward, but only items in related contexts undergo connection weakening (the "dark side" of repetition; see also Navarrete et al., 2014) . As naming latencies in the unrelated blocks were relatively unchanged by atDCS applied to left pMTG/STG, this would suggest that a connection weakening mechanism was selectively affected. However, in the Oppenheim et al. model, the same parameter is used for strengthening and weakening of connections, making this mechanism less plausible. If a strong assumption is made about the equivalence of cortical and cognitive inhibitory mechanisms, then atDCS could be viewed as lessening net inhibition via increasing excitation (i.e., where inhibition is defined as a process of reducing activity levels). This interpretation would be applicable to competitive lexical selection accounts in which competition is implemented by inhibitory connections between co-activated, related lexical entries (i.e. lateral inhibition; e.g., Berg & Schade, 1992; Harley, 1993; Howard et al., 2006; Stemberger, 1985) . Lessening net inhibition among related items would therefore result in less interference.
Applying online atDCS to LIFG also reduced the magnitude of semantic interference from the second cycle onward. However, this effect was relatively shortlived, lasting only three cycles. This finding is consistent with Pisoni et al. (2012) for data averaged over four cycles. 2 As we noted in the Introduction to this paper, the LIFG has proven difficult to associate reliably with semantic interference effects in naming latencies across neuroimaging, lesion and non-invasive brain stimulation studies of blocked cyclic naming. Aside from differing in terms of analysis approaches (see Introduction), studies examining LIFG involvement in semantic interference in blocked cyclic naming have also differed in terms of the number of cycles employed. Interestingly, the neuroimaging and lesion studies of colleagues (2006, 2009; Harvey & Schnur, 2015) that demonstrated significant involvement of LIFG employed four cycles, as did Pisoni et al.'s atDCS study (2012) .
Conversely, neuroimaging, lesion and TMS studies that failed to observe involvement of LIFG in the interference effect in naming latencies typically employed six or more cycles (e.g., de Zubicaray et al., 2014; Krieger-Redwood & Jefferies, 2014; Riès et al., 2014) . If the LIFG involvement is only short-lived, this might explain the null results from studies presenting analyses of data over additional cycles in which the effect is not present. Consequently, future studies should examine both early and late effects across a larger number of cycles.
The finding of a short-lived effect following LIFG stimulation has implications for several prominent accounts of the semantic interference effect in In the former study, atDCS over posterior temporal cortex increased the semantic interference effect, and rTMS had no effect on it in the latter. As we noted in the introduction to this paper, the different findings across studies are likely to reflect procedural as well as analytical differences. Here, atDCS was applied using an online protocol, commencing prior to picture familiarization, whereas in Pisoni et al. it was applied afterward using an offline protocol concurrently with participants viewing a cartoon movie. Krieger-Redwood and Jefferies (2014) applied offline rTMS after their participants had already performed the identical blocked cyclic naming paradigm as a baseline. Miniussi, Harris and Ruzzoli (2013) have proposed online and offline brain stimulation protocols differ in terms of their effects on neural activity: the former modulate a specific network that is involved in task performance, while the latter produce modifications to a broader network of neural activity that lasts beyond the period of stimulation (see also Ruff et al., 2009) . Consequently, we can be relatively confident that the present findings reflect the result of inducing more efficient processing in a network specific to the semantic interference effect in blocked cyclic naming. Lesion symptom mapping and neuroimaging studies have identified a relatively sparse network involving left posterior temporal and inferior frontal cortices (e.g., de Zubicaray et al., 2014; Harvey & Schnur, 2015) .
Two limitations should be considered in interpreting the results of the present study. First, although we did not observe a significant effect of applying atDCs to either LIFG or pMTG/STG on the facilitation effect in the first cycle of naming (cf.
Krieger-Redwood & Jefferies, 2014), it is possible that these null results were due to low power, as only 16 trials are available/analysed in each context. Second, although applying atDCs using the 10-20 EEG localisation system has been shown to modulate activity in cortical areas directly underlying the active electrode in fMRI studies (e.g., Holland et al., 2011; Meinzer et al., 2012) , effects have also been shown to spread to functionally interconnected brain areas in the language network (Hartwigsen, 2014; Meinzer et al., 2012; 2013) . This spreading of stimulation might explain Wirth et al.'s (2011) finding that atDCS applied to nearby dorsolateral prefrontal cortex (DLPFC) reduced the semantic interference effect. A broader effect of rTMS on network plasiticity has also been established, even though it is often considered to be more focal than atDCS (Hartwigsen, 2014; Ruff, Driver, & Bestmann, 2009 ).
Consequently, we cannot exclude the possibility that the behavioural effect of applying atDCS to left pMTG/STG reflected some feedforward modulation of interconnected areas, including the LIFG. This possibility is suggested by findings from online TMS studies indicating LIFG becomes functionally relevant after MTG during naming (e.g., Schuhmann et al., 2012) and by Harvey and Schnur's (2015) finding that lesions to the inferior fronto-occipital fasciculus (IFOF) fibre tract connecting the LIFG with posterior temporal cortex increase semantic interference in error rates. Future studies employing intrascanner atDCS protocols are needed to investigate changes in network connectivity occurring during naming task performance (e.g., Meinzer et al., 2014 ).
In conclusion, we investigated semantic context effects in spoken word production by applying online atDCS during performance of the blocked cyclic naming paradigm. We found stimulation to left pMTG/STG significantly decreased the magnitude of the semantic interference effect in naming latencies. Stimulation to LIFG produce a similar, albeit relatively short-lived effect. As atDCS applied to left pMTG/STG selectively improved performance in the related context over cycles, this may be interpreted as indicating that stimulation served to increase the efficiency of bottom up, lexical-semantic retrieval processes, perhaps by reducing net inhibition among co-activated lexical-semantic representations. However, the short-lived effect observed after applying atDCS to the LIFG might instead reflect a modulatory influence on a top-down mechanism engaged to bias selection based upon the task representation. 
